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chemical reactions, A number of preliminary experiments are conducted to
see if the surface plays the role of a catalyst. Copper already has many 
applications as u catalyst In chemical reactions. When converting 
methanol and ethanol to aldehydes, copper is used as a selective oxidation 
catalyst. Specifically copper is used as a catalyst in the formation of
formaldehyde from the oxidation of methanol (3).
Alcohols are used as boundary layer lubricants in a number of 
different applications. An important question is determining if the 
alcohols will react with the different metal surfaces. Therefore the
adsorption and desorption of alcohols on metal surfaces are studied to 
determine if they can be used as these lubricants. This thesis reports 
the results of a study of the adsorption of normal alcohols on a C u (lll)  
surface. The Cu(111) surface will be studied to determine how the 
alcohols adsorb/desorb on/off the clean C u(U I) surface und to determine 
the heuts of adsorption of the different alcohols. The alcohols studied 
are methanol, ethanol, propanol, butanol, and pentanol.
The reaction of methanol on the clean and oxidized Cu(111) surface has 
been studied by J.N. Russell. Use of scanning kinetic spectroscopy (SKS), 
showed that on the clean C u ( ll i)  surface, molecular methanol was adsorbed
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cry*t»l temperature was held constant lit 187 K, and 
was seen it 210 K due to the alpha process. The alpha process represents
the intact methanol desorbing off the surface:
CDjOH(|) <..."* CDjOH(„) (I).
In the presence of oxygen, the methoxy forms and water is given off as a 
product. The methoxy then desorbs from the surface at 410 K. Russell
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suggested methanol will adsorb and desorb molecularly only if the
C u (ll l)  surface is clean and free of oxygen (1).
There have been studies on the adsorption of alcohols on Cu{100) and
Cu(llO) surfaces. Two studies of methanol adsorbed and desorbed on the
Cu(110) surface proved to have the similar conclusions. The data that
Bowker collected indicated that there was some formation of a methoxy
species. Methanol was shown to dissociate on the clean Cu(llO) surface
at 270 K (3). B.A. Sexton showed that "Condensed methanol desorbs at 145
K with the main monoluyer peak desorbing below 200 K." There is also some
evidence of methoxy formation which desorbed near 360 K (4). Both studies
led to the conclusion that some methoxy formation occurs on the surface.
The formation of the methoxy occurs but the methoxy recombines with the
coadsorbed hydrogen and desorbs us intact methanol (1).
Sexton found that in the presence of preadsorbed oxygen, methanol and
ethanol transform from a molecularly adsorbed species to the chemisorbed
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Both alkoxides breakdown and desorb near 370 K to give a clean surface 
(6). Sexton showed that there is not much difference between the C uftlfl) 
and Cu( 100) surfaces since the alkoxides are stable intermediates on both 
surfuces when the alcohols are adsorbed in the presence of preadsorbed
oxygen (6). Miyazaki concluded that molecular adsorption of methanol 
occurs on a polycrystalline copper surface at 205 K (5). Miyazaki also 
stated that others have not observed any additional adsorption of methanol 
on the crystal surface by the introduction of methanol at 3fl0 K (5). 
Together "These findings indicate that the interaction of methanol with 
the Cu(100) surface is weaker than that with a polycrystalline surface, 
probably due to defects such as vacancies and dislocations existing on the 
latter surface" (5).
Prom the studies conducted, the clean Cu(IOO) and Cu( 110) surfuces are 
slightly more reactive than the clean C u ( ll l)  surface. Adsorbing alcohols 
onto the Cu(KXI) and Cu(110) surfaces, results in some dissociation of the 
alcohol into the alkoxjde. Adsorption on the clean C u(III) surface is 
don-dissociative and reversible. Therefore the C u (lll)  surface is studied
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msurface.
Low energy electron diffraction (LEED) was used to determine if the 
surface was ordered. To make the surface more ordered, the crystal was 
annealed at UXXl K for two thousand seconds, A LEED pattern was obtained 
to test for the degree of order of the surface. The crystal was annealed 
at 1000 K several more times hut only held constant for about 240 seconds 
before a good LEED pattern resulted. The resulting LEED pattern for a 
C u ( ll l)  surface is a hexagonal pattern of well-defined spots. The above 
processes of sputtering, Auger spectroscopy and LEED were repeated until 
a clean and ordered surface was obtained. Once this occurred, the actual; 
experiments began.
The five different alcohols were cleaned and adsorbed onto the dea$ 
Cu(l 11) surface identically. First the freeze-pump-thaw method ana
frozen using liquid nitrafet),
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impurities were removed from the samplc. r i ; v
After the alcohol was cleaned, it was adsorbed onto the C u (!l!) 
surface. T^e doser allowed for the adsorption of the alcohols onto the
O t{a J ) atofaa. During exposure to the alcohol vapor, the crystal / j m
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Cu(lM ) surface at 106 K. The position of the crystal with respect to the 
doser directly influenced the resulting alcohol coverage. When the doser 
was opened, the pressure in the chamber rose, and that pressure signified 
how much alcohol was exposed to the surface of the crystal. By recording 
how long the doser remained open and the pressure of the alcohol 
introduced into the chamber, the exposure was calculated in langmuirs (L), 
where 1L *  I * H) ^ torr*sec. The coverage of alcohol on the surface was 
changed by either adjusting the exposure of the alcohol or the position
of the crystal in front of the doser.
Once the alcohol was adsorbed onto the surface, a thermal desorption 
spectrum was taken to determine what compounds desorbed from the w tb a u
The mass spectrometer was used to monitor the specks that desorbed frdW
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the surface. The crystal was positioned at the same distance from 
ib« »  spectrometer much time to obtain reproducible data, Before 
data, the crystal was cooled to 164 K. The crystal was dam 
110 fp 616 K at a heating rale of The mats
record the mass intensities and the temperatures at which
species desorb from the surface.
Results
Five different alcohols (methanol, ethanol, propanol, butanol,
pentanol) were adsorbed on the C u (lll)  surface to determine how they 
reacted with the surface. When methanol was adsorbed on the surface, a 
different C u (lll)  crystal was used than for the other alcohols. There
were some problems with the LFHD optics and the Auger spectrometer, thus
it was necessary to assume that the crystal surface was clean and 
ordered. Any problems with the data for methanol may have resulted from 
the fact that the crystal surface was nut completely clean or well
ordered.
First the mass spectral fragmentation pattern was found for each of 
the alcohols adsorbed on the clean Cu( l l l )  surface. This data is reported
in Table I. The numbers in parentheses are reported measured values (2).
The measured values represent the relative intensities of the alcohol 
fragments. Therefore the values for the relative mass intensities of the
desorbed alcohol should be similar to the values of the cracking patterns 
of the alcohol by itself. There arc u few instances when the experimental 
numbers are not equivalent to the reported numbers. This can be a
attributed to the fact that a different mass spectrometer was used in
calculating each of the sets of numbers.
iS
9Table 1
Fragmentation Patterns of Monolayer for Normal Alcohols
Alcohols MeOH
Masses
28 29
(‘0
29 90
(71)
31 MX)
(1(H))
32 71
(fift)
EtOH PrOH BuOH PeOH
1(H) 53 1(H) 100
(27) (12) (34) (49)
95 1(H) 91 52
(1(H)) (1(H)) (1(H)) (45)
41 53
m
45 |9
(35)
56 15
(WO
58 3
(--)
Figure I is the desorption of propanol from the Cu( l l l )  surface. All 
the alcohols dedorhed front the clean Cu(Jl l )  surface with the same general 
pattern. The desorption patterns tor the other alcohols were similar in
shape, hut different in positioning and peak height. For each of the 
alcohols there was always the hydrogen desorption peak around 370 K. This 
peak may be the result of a small amount of dissociation of the alcohol.
As the alcohols increase in molecular weight, the desorption peak 
temperature increases. This can he seen in figures 3 and 4. Figure 3 
shows the low coverage desorption spectra of the five alcohols on the
Cu( l l l )  surface and only the monolayer is present. The temperature of 'he 
peaks increase hy similar amounts between each alcohol, except the 
difference between methanol and ethanol is much greater. Once again this 
be due to the fact that a different Cu( l l l )  surface was used. in
figure 4 only three alcohol are shown since they were the only three with 
multilayer peaks. The temperature of the multilayer peaks also increases 
as the molecular weight increases. The temperature difference between the 
monolayer and multilayer peaks is similar for each of the alcohols.
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Figure 1: Thermal desorption spectrum of propanol from a clean Cu( i l l )
surface. The monolayer desorbs at approximately 205 K. The hydrogen that 
desorbs near 370 K may be due to the slight dissociation that may occur 
on the surface.
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Figure 2: 'IDS spectrum of propanol front the Cu(l l l )  surface nt several
different coverages. This shows how increasing the exposure of propanol 
affects the desorption of the species, by monitoring mass 31, from the 
clean Cu( l l l )  surface. Increasing the exposure results in the increasing 
of the desorption because more alcohol desorbs from the surface at higher 
exposures. The higher temperature peak corresponds to the monolayer while 
the lower temperature peak represents the multilayer. The mululayer peak 
will continue to increase while the monolayer will increase to a maximum 
value and then remain constant,
TDS NORMAL ALCOHOLS/Cu(111)
M O N O IA Y EA  3 K /S EC  MASS 31
Figure 3: Thermal desorption spectrum of normal alcohols at low exposure
on a clean Cu(ll l)  surface. The monolayer is shown for each of the 
alcohols, and mass 31 is monitored. As the mass of the alcohol increases 
the temperature at which the monolayer desorbs also increases.
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800
Figure 4: Thermal desorption spectra of normal ulcohols at high exposures
on a clean Cu(111) surface Once again, mass 31 is monitored for each of 
the alcohols. At this higher exposure, both the multilayer and monolayer 
are present. As noted before, the multilayer desorbs at the lower 
temperature and the monolayer desorbs at the higher temperatures.
Discussion
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V y > From the data collected, short chained alcohols will desorb from the
surface non-dissociatively and reversibly. This can be shown by comparing 
the ratios of musses 29 and 30 for the monolayer and the multilayer. If
these ratios are equivalent, than the alcohol desorbs molecularly, Refer
*.<i to table 2 for this data.
Alcohol Fragmentation Ratios (31 amu / 29 amu)
V \
I  ' •
Akohol
Ethanol
Propanol
Monolayer
1.0
Multilayer
0.9
1.71.8 
1.6
1.8*
2.0
2.1
isssi?
Butanol
■-frr
i lg ir
0.9
1.0
1.2
0.9*
0.9
1.1
(*The following trials represent the multilayer and monolayer at different 
exposures)
Since methanol has been shown to adsorb and desorb reversibly from the
surface, other normal alcohols will probably also adsorb and
•v  from  above data* it can to* seen that th t peak ratios
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for the monolayer and multilayer arc fairly similar. It is unclear why 
the values for some of the trials differ more than others; the values 
should be close to the same for the monolayer and multilayer in any single 
alcohol. From the knowledge of the temperature of the desorption of the 
monolayer peak, the heat of adsorption can be calculated. The method for 
calculating the heats of adsorption for the monolayer and multilayer has 
been determined by Redhead (7). Table 3 lists the desorption peak 
temperature of the monolayer, and the calculated heats of adsorption of 
the monolayer and the multilayer. Table 4 shows the measured values for 
the heats of sublimation of the alcohols used (8).
Table 3
Calculated Heats of Adsorption from Desorption Spectrum
Alcohol Monoh^er Multilayer
Des. Temp, Heat irf ads, (kcul/mole)
(K) (kcal/mole)
s.•■i' ■ r? 3s i i l ' a  ::Si> l i i i i S
i s s s i i  K: I - ®  ::i s
Butanol 221 13.3 9.5
Pentanol 245 14.8
Calculated Heats of Sublimation (8)
Alcohol Heat of Sublimation
(kcal/mole)
Methanol 10.2
Ethanol 10.9
Propanol 12.6
Butanol 13.2
Pentanol 14.9
The monolayer desorption peak is first order so its heat of udsorption 
is calculated directly from the desorption peak temperature. The 
multilayer desorption kinetics have zero order dependence on coverage. The 
heat of adsorption can be calculated by plotting the ln(intensity) vs 
1/temperature (7). As the masses of the alcohols increase, the values of 
the heats of adsorption increase. This is reasonable because molecule is 
larger so it will take more energy for it to desorb from the surface.
The values for the heats of adsorptkm of the multilayer should 
approach the values of the heat of sublimation. This occurs because the 
multilayer is actually the alcohol as ice on the surface. When the 
multilayer desorbs, the ice on the metal surface sublimes from the solid 
to the gas phase. The above duta for the multilayer is similar to the 
beat of sublimation for the alcohols in general. The values for the heats
of adsorption increase as the molecular weights of the alcohols increase. 
The reason for the smaller difference between propanol and butanol than 
between ethanol and propanol is not known. The general trends are correct 
for the heats of adsorption of the monolayer.
The values of the heats of adsorption of the monolayer can give some
information about how the alcohol is bound to the Cu( l l l )  surface during 
adsorption. It is well known that when methanol adsorbs onto the Cu 
surface the OH group attaches itself to the surface. Therefore, if the 
same differences exist between the values of the heats of adsorption of 
the monolayer und the heats of sublimation, the other alcohols probably 
also attach to the Cu surface by the OH group of the alcohols. Since the 
experiments for methanol were conducted on a  different crystal, that may 
account for the discrepancy between the differences of methanol and 
ethanol. When this C u ( l l l )  crystal was used, the Auger spectrometer and 
l£ E D  optics were net working so there was m  way of knowing howelean and
ordered the surface was. if the surface was not clean or ordered; tint 
heats of adsorption may have been incorrect.
Another reason for the high values of the heats of sublimation can be 
attributed to the fact that these values are for the alcohols at room 
temperature. AH the experiments were conducted a much lower temperatures
so of sublimation will also be lower* This fact may also make
the heats of sublimation a lot more similar to the heats of adsorption of 
the multilayer. The differences between the other alcohols are similar, 
and they are all probably attached to the Cu(l 11) surface by the OH group 
during adsorption.
Conclusion
Normal alcohols will adsorb and desorb reversibly on a C u (lll)  
surface. The temperatures of monolayer desorption peaks range between I4S 
to 245 K for the different alcohols studied. The low molecular weight 
alcohols desorb at law temperatures and the desorption temperature 
increases as the weight of the alcohol increases. The heats of adsorption 
of the different alcohols were calculated to be between 8,7 to 14J 
kcai/mole, with the values increasing as tin: molecular weights increases.
,  .  . ' v
The values found are consistent with the trends that should occur. As for 
the bonding that occurs on the C u(U l) surface, the OH pmp at each 
alcohol attaches itself to the surface during adsorption.
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